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However, in older XX embryos
undergoing dosage compensation,
DPY-27 localizes to both X
chromosomes, but is not present on
the single X in males. Comparison of
this DPY-27 localization pattern with
CAPG-1 revealed differences
consistent with the finding that CAPG-1
is present in two distinct complexes,
condensin I and condensin IDC . While
both DPY-27 and CAPG-1 were
associated with X chromosomes in
hermaphrodites, CAPG-1 also
localized along condensed mitotic
chromosomes in both sexes, a pattern
not shared by DPY-27. In addition,
although both DPY-27 and CAPG-1
accumulate in growing oocytes,
CAPG-1, along with DPY-26 and
DPY-28, were present throughout the
germline [19]. In contrast to both
CAPG-1 and DPY-27, the condensin II
subunit KLE-2 localized along the outer
face of mitotic chromosomes,
indicating that all three condensin
complexes have distinct localization
patterns, indicative of unique
functions.
Since the dosage compensation and
condensin I complexes share all but
one subunit, DPY-27, the authors
reasoned that the functional
contribution of the condensin I
complex could be gleaned from unique
phenotypes found upon the depletion
of DPY-28, CAPG-1, or DPY-26
compared with loss of DPY-27. Indeed,
loss of any one of these proteins
disrupted dosage compensation,
whereas chromosome segregation
defects were also detected when
subunits common to both complexes
were depleted via RNAi. In contrast,
dpy-27(RNAi) led to no discernible
segregation errors [20].
Overall, Csankovszki et al. [20] have
provided substantial and compelling
evidence that they have solved the
mystery of the missing C. elegans
condensin I complex, refuting the
notion that the worm had lost its mitotic
condensin I over evolutionary time.
Interestingly, they found that
condensin I differs from condensin IDC
by only one subunit, and that this is
enough to confer a radically different
localization and functionality to each
complex. How a single subunit can
have such dramatic effects opens
a new case file for chromosome
detectives everywhere.
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R129Sexual Selection: Selfish Genetic
Element Encourages Polyandry
Selfish genetic elements are ubiquitous and may impact drastically on
eukaryote reproduction and evolution. A recent experimental evolution study
shows that such elements could also provide an explanation for polyandry.
Oliver Y. Martin
It is now recognized that genomic
conflicts can rage within all organisms.
Parasitic or selfish genetic elements,
such as segregation distorters,
transposable elements, or inherited
bacterial symbionts, can be major
forces in this conflict and are now
known to be widespread features of
eukaryotes [1]. These diverse elements
use manipulative strategies to
maximize their own transmission
relative to competing genome
components, often undermining the
organism’s fitness in the process. For
maternally inherited elements such as
the bacterial reproductive parasite
Wolbachia, transmission can be aided
by biasing sex ratio in favour of
females, for instance by eliminating
Current Biology Vol 19 No 3
R130male embryos [2]. Selfish genetic
elements can also exhibit extraordinary
diversity within a species: for example,
the parasitic wasp Nasonia vitripennis
is affected by several types of selfish
element affecting reproduction and sex
ratios, including the paternal sex ratio
chromosome, which skews the sex
ratio towards males [3].
Selfish genetic elements have
been suggested to have a significant
influence on species biology and
genetics by manipulating
sex-determination systems, impacting
on reproduction and even driving
speciation or extinction [1,4]. It has
further been argued [5] that selfish
genetic elements may provide the
answer to a particularly perplexing
question in evolutionary biology: why
do females mate polyandrously (with
multiple males) despite the potentially
severe costs? A recent empirical study
[6] indicates that selfish genetic
elements may help answer the
polyandry enigma. Using an
experimental evolution approach, it
was found that presence of a sex-ratio
distorter in experimental populations
led to increased female remating rates.
Males carrying selfish genetic
elements frequently suffer from
reduced sperm numbers, leading to
decreased fertility and inferior
performance in sperm competition [7].
It is disadvantageous for females to
mate with such males, so selection is
expected to favour polyandrousmating
to offset fitness losses [5–7]. One
selfish genetic element found in the fly
Drosophila pseudoobscura is the
deleterious sex-ratio distorting meiotic
drive X chromosome. This sex-ratio
distorter eliminates sperm bearing
a Y chromosome during
spermatogenesis, so that offspring
sired by male carriers are exclusively
female. Earlier work on this system [8]
assessed sperm competitive ability
and showed that males bearing the
selfish genetic element were
considerably inferior to control males.
The results were partly explainable by
the decreased quantity of sperm
transferred, but further effects of sperm
quality were also found.
In their recent work, Price and
colleagues [6] subjected replicate
D. pseudoobscura selection lines to
different treatments, contrasting
experimental populations where the
selfish genetic element was present
with control populations devoid of the
sex-ratio distorter. After tengenerations, female remating rates
were assessed with their own males
and thenwith standard testermalesone
generation later. Both these assays
showed the samepattern: females from
populations with the selfish genetic
element were keener to remate, on
average accepting second mates
roughly a day earlier than their
counterparts. Together these findings
indicate that males bearing this selfish
genetic element are of poorer quality
and inferior sperm competitors [8], and
that female remating behaviour could
represent an evolved response to
counter the increased risk of mating
with inferior males [6]. In more general
terms, this surprisingly rapid
evolutionary response could potentially
provide a universal explanation for the
evolution of polyandry.
The rise of molecular methods of
determining paternity has made clear
that, in many species, females
frequently remate when they would
not even need to purely for
fertilization purposes. This is a
particular puzzle given that such
remating can involve considerable
costs to the female — these include
loss of time or energy, depressed
immunity, increased predation risk,
sexually transmitted diseases, physical
damage and even death. A variety of
possible evolutionary explanations for
polyandry have been put forward,
invoking a range of material or genetic
benefits [9]. Despite intense research
and debate, it remains unclear which
precise mechanisms are the prime
drivers of polyandry, and with selfish
genetic elements we now have an
additional contender [6]. Polyandry
could be driven by the need to
counteract the negative fitness effects
of mating with selfish genetic element
bearing males. Promoting sperm
competition would allow females to
bias paternity away from selfish genetic
element males towards high-fitness
competitors.
For polyandry to spread and be
maintained, the behaviour should not
be too costly to females. Theory
indicates that the spread of polyandry
can in principle be constrained by the
costs of multiple mating [10]. In the
work of Price et al. [6], given details of
the experimental protocol with two
four-hour mating opportunity sessions
per female each generation, it is
expected that the costs of multiple
mating incurred by females were
maintained at constantly low levels. It isconceivable that such (presumably)
low mating costs could aid or
accelerate the rapid spread of
polyandry. How varying costs ofmating
could modulate the propensity of
selfish genetic elements to drive
polyandry is an interesting question
for future study.
Might the presence and influence of
selfish genetic elements be the key to
understanding polyandry across the
animal kingdom? The potential is
definitely there, as selfish genetic
elements are extremely common and
could affectmost (if not all) animals. For
example, it has been estimated that the
manipulative reproductive parasite
Wolbachia may infect 66% of insect
species worldwide [11]. This microbe
could thus affect a staggering
proportion of current animal
biodiversity, and this is but one among
many selfish genetic elements.
Negative impacts of selfish genetic
elements on components of male
fertility may also be frequent [7,12–14],
furnishing all the necessary ingredients
for selfish elements to assume a key
role promoting polyandry.
Artificial selection, as applied in the
new study of Price et al. [6], has allowed
evolution to be caught in action again.
These compelling results provide
further demonstration that
experimental evolution is one of the
sharpest tools in the evolutionary
biologist’s toolbox. Beyond its use in
a wide range of other contexts, this
tool has already enabled targeted
investigation of many aspects of sexual
selection such as consequences of
polyandry for female fitness [15],
investment in key reproductive traits
[16] or the impact of sexual selection on
reproductive isolation [17].
Only further ambitious experiments
of this kind [6] will allow us to establish
how substantial and universal the
contribution of selfish genetic elements
to the evolution of polyandry is. Selfish
genetic elements can certainly have
significant effects on reproduction, and
more experimental evolution studies
addressing the interactions between
selfish genetic elements and sexual
selection would be valuable. Potential
follow-up studies could address the
importance of selfish genetic elements
versus other proposed drivers of
polyandry such as inbreeding
avoidance [18]. Assessing how costs of
mating might constrain the evolution of
polyandry in these systems would also
be critical. Conveniently, selfish
Dispatch
R131genetic elements are found in intensely
studied model organisms such as
Drosophila but also in Tribolium
castaneum in the guise of the
maternal-effect selfish genetic element
Medea [19]. Selfish genetic elements of
model organisms open up further
possibilities as future research could
supplement such ambitious selection
experiments by bringing to bear the full
arsenal of molecular tools and
resources available for these species.
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